Kaurenic acid (1a) is a tetracyclic diterpene that has an exocyclic double bond at  Isokaurenicacid (2a) has an endocyclic 15double bondThis compound has been isolated from Espeletia tenore (Espeletinae), a resinous plant from the Venezuelan Andes, but its occurrence is rare. In order to obtain a larger amount of 2a, the isomerization of 1a, which is easily obtained from other Espeletinae, was tried. Kaurenic acid methyl ester (1b) was treated with dil. HCl in CH 3 Cl/EtOH, after 6 h under reflux a yield of 41.5% isokaurenic acid methyl ester (2b) was obtained but 35.7% 16-ethoxy-kauran-19-oic acid methyl ester (3b) had formed as a byproduct. Treating 1b with CF 3 COOH in refluxing CH 2 Cl 2 permitted to obtain a yield of 66.6 % of 2b in 4 h and only traces of 16-hydroxy-kauran-19-oic acid methyl ester (3a) as a byproduct. Both isomers were separated on a silica gel column impregnated with 20% AgNO 3 . Treating 2b with KOH in refluxing DMSO yielded pure isokaurenic acid, no back isomerization was observed.
Since the quantity of isokaurenic acid that could be obtained from E. tenore is small, isomerization of kaurenic acid was studied in order to obtain it in sufficient quantity to explore its biological properties. Double bond migration in olefins could be base-catalyzed or acid-catalyzed [5a,5b] . Base-catalyzed isomerization can be effected in homogeneous solution or in the presence of basic heterogeneous catalysts. Isomerization of 1b was tried with sodium on alumina according to Shabtai and Gil-Av [6] , but no reaction was observed after 24 hours. Isomerization was also attempted treating 1b with iodine in benzene solution under reflux, according to Barnes and MacMillan [7] but only 10.6% of 2b was obtained after 6 hr. Since it had been observed that, during isolation of the acidic fraction of some Espelettinae, treatment with HCl produced traces of isokaurenic acid, isomerization of 1b in CHCl 3 /EtOH solution was tried adding 5 drops of HCl:H 2 O (10:1) at room temperature. The course of the reaction was followed by gas chromatography. As it is shown on Since formation of 3b was undesirable, isomerization was tried using CF 3 COOH in dry CH 2 Cl 2 .The course of the reaction is shown on Table 2 . After 1.0 hr of reaction 54.4% of isomerization had been achieved. After 2.0 hr the yield was 63.5%. After 4.0 hr the reaction had arrived to equilibrium where relative concentration of 2b was 66.6% and concentration of 1b was down to 33.3%. But after 4.0 hr it was observed that 0.1% of 3a had been formed, probably caused by the presence of traces of water. Figure 2 shows the increase of 2b as a function of time and the abatement of kaurenic acid methyl ester concentration (1b) to end up with a constant concentration mixture made up of 66.6% 2b and 33.3% 1b. Absolute exclusion of water would hinder the formation of 16-hydroxy-kauran-19-oic acid methyl ester (3a). But from a practical point of view two hours of reaction is enough to obtain a good yield (63.5%) of the desired product. Separation of both isomers is accomplished over a silica gel column impregnated with 20% silver nitrate. Taking into consideration that silver nitrate chromatography is required to separate both isomers, the methyl ester of kaurenic acid (1b) was used instead of the free acid (1a). Isokaurenic acid (2a) was recovered refluxing 2b with KOH in DMSO solution.
According to Hubert and Reimlinger [5b] the acid catalyzed isomerization takes place via carbonium ions. In the case of kaurenic acid, presence of an acid causes the formation of a carbonium ion at C-16. The catalyst acts as a proton donor and acceptor. Migration of the double bonds occurs because a proton is transferred to the C-17 exocyclic methylene moiety, which becomes a methyl group, and at the same time, a proton is lost from C-15 generating a Δ15 double bond. But this process is reversible and the reaction proceeds until it reaches a thermodynamic equilibrium. In this case a Δ15 double bond is thermodynamically more stable and therefore its formation is enhanced leading to the migration of 2/3 of the original exocyclic double bond to a Δ15 position.
The rate of formation of 3a increases with reaction time.
After 72 h under reflux the yield of 3a was 13%. 
Attempted isomerization of 1b with sodium on alumina:
The catalyst was prepared according to Shabtai and Gil-Av [6] . Alumina was heated at 300 o C during 24 h . Pretreated alumina (5.0 g) was mixed with 1.0 g of sodium at 140°C with stirring under argon atm. The catalyst was cooled at 2-3°C and a solution of 1b (500 mg) in dry hexane was added. Samples were taken after continuous stirring at 1.0 h, 6.0 h, and 24 h, and analyzed by GC-MS after 1.0 h, 6.0 h, and 24 h, but no isomerization occurred and only the peak of 1b, with a retention time of 3.79 min., was observed on the gas chromatogram.
Isomerization of 1b with iodine in benzene solution:
Kaurenic acid methyl ester (1b, 300 mg) was dissolved in dry benzene containing 20 mg of iodine and it was heated under reflux for 6 hr. The solution was cooled and shaken twice with aqueous sodium thiosulphate. The organic layer was taken to dryness. A 5 mg sample of the solid was dissolved in diethyl ether and analyzed by GC. It was observed that after six hours of reaction only 10.6% of 1b had isomerized into 2b which had a retention time of 3.55 min.
Isomerization of 1b with diluted HCl in CHCl 3 /EtOH:
Kaurenic acid methyl ester (2.0 mmol) was dissolved in a mixture 50 mL of CHCl 3 and 10 mL of EtOH. After addition of 5 drops of 10% HCl, the mixture was heated under reflux. Aliquot samples (5 mL) were taken at 1h, 2h, 4h, and 6 h, washed with dil. NaHCO 3 , and with H 2 O. The organic layer was dried over Na 2 SO 4 and evaporated to dryness. Samples (5 mg) were dissolved in Et 2 O and analyzed by GC. Results are shown on table 1.
Isolation of ent-16-ethoxy-kauran-19-oic acid methyl ester (3b):
The rest of the solution (40 mL) of the previous isomerization reaction was washed with dil. NaHCO 3 and H 2 O. The chloroform layer was treated with dry Na 2 SO 4 , filtered, and mixed with 1 g of silica gel. CHCl 3 was evaporated under vacuum and the silica gel containing the product of isomerization was added to the top of a flash column charged with 12 g of silica gel. The column was eluted with hexane which yielded a mixture of 1b and 2b.
When both isomers had eluted the column was treated with hexane-EtOAc (10:1) to elute 3b. 
Isomerization of 1b with CF 3 COOH in CH 2 Cl 2 :
To a solution of kaurenic acid methyl ester (5.0 mmol) in dry CH 2 Cl 2 (100 mL) 10 drops of trifluoroacetic acid were added and the mixture was heated under reflux in an argon atmosphere. Aliquot samples (5 mL) were taken at 1h, 2h, and 4h. They were washed with H 2 O; the organic layer was dried over Na 2 SO 4 and evaporated to dryness. Samples (5mg) were dissolved in Et 2 O and analyzed by gas chromatography. Table 2 shows the results of this reaction as a function of time. To recover the isokaurenic acid methyl ester the rest of the reaction mixture was washed with H 2 O, dried over Na 2 SO 4 , filtered, and the solvent was evaporated to dryness. The reaction product was dissolved in hexane and chromatographed on a column of silica gel impregnated with 20% of AgNO 3 . The column was eluted with hexane; 100 mL fractions were taken and inspected by GC. Fractions 6-12 eluted pure 2b (722 mg). MP 74-75°C. GC retention time 3.55 min. It was identical to an authentic sample obtained by methylation of 2a isolated from Espeletia tenore [4b] (IR, 1 H NMR, MS). Fractions 13-18 eluted a mixture of 1b and 2b (330 mg), and fractions 19-27 pure 1b (275 mg).To a solution of 500 mg of 2b in 50 mL of DMSO 300 mg of KOH were added and the mixture heated under reflux for 2 h. The solution was cooled; 50 mL of H 2 O was added, and taken to pH 3.0 by addition of dil. HCl. The solution was then shaken with 100 mL of hexane. The hexane layer was shaken twice with 20 mL of H 2 O, dried over Na 2 SO 4 , and the solvent distilled under vacuum. The isokaurenic acid (455 mg) was crystallized from hexane, MP 169-171°C. Identical to 2a isolated from Espeletia tenore (IR, 1 H NMR )[4b]. A sample (5 mg) was methylated and examined by GC. Only one peak was observed at 3.55 min (100%).
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Isolation of ent-16-hydroxy-kauran-19-oic acid methyl ester (3a):
To a solution of kaurenic acid methyl ester (2.0 mmol) in CH 2 Cl 2 five drops of trifluoroacetic acid were added and the mixture was heated under reflux. After 72 h. the reaction mixture was cooled and shaken with H 2 O. The organic layer was dried over Na 2 SO 4 , filtered, and evaporated to dryness. A 5 mg sample was dissolved in Et 2 O and inspected by GC. The gas chromatogram showed peaks at 3.54 (2b, 60%), 3 
